The chemical composition of the essential oils obtained by hydrodistillation of roots, stems with leaves and inflorescences of Valeriana italica Lam. and Valeriana tuberosa L. were studied by GC/MS. Seventy-three and fourty-one constituents were identified from each plant, respectively. The major constituent of the oil obtained from the roots of V. italica was isolated and identified as 15-acetoxyvaleranone. Its stereochemistry and conformation has been studied using NMR spectroscopy and molecular modelling. The oils obtained from V. tuberosa completely lacked the characteristic valerane or kessane sesquiterpenes. Running title: Essential oils of Valeriana italica and V. tuberosa
Introduction
The crude drug Valerianae radix and the valerian-derived phytomedicines that are widely used as mild sedatives in Europe, have a great contribution in the pharmaceutical industry of the medicinal plants. Valerian ranks at the 8 th place among the top-selling herbal supplements (Blumenthal, 2001) , making very interesting the research about the chemical constituents of the species belonging to the same genus. The Valeriana genus contains 20 species found in Europe (Ockendon, 1976) . Two of them, Valeriana tuberosa L. and especially V. italica Lam. (syn. V. dioscoridis Sibth & Sm) , are common in southern Greece (Strid and Tan, 1991) , where V. officinalis is absent.
The pharmacological activity of the Valerianae radix has been attributed to two major groups of constituents, the valepotriates and the sesquiterpenes. The latter are volatile compounds found in the essential oil of the roots and some of them such as α-kessyl alcohol or kessanol have a sedative effect comparable to imipramine (Oshima et al., 1995) . In addition, according to the European Pharmacopoeia, the crude drug Valerianae radix must contain not less than 0.5% (v/m) of essential oil.
To our best knowledge, no previous phytochemical works have been recorded for the two afore-0939Ð5075/2002/0900Ð0791 $ 06.00 " 2002 Verlag der Zeitschrift für Naturforschung, Tübingen · www.znaturforsch.com · D mentioned Valeriana species found in Greece. As a part of the research on the essential oils of plants of the Greek flora (Magiatis et al., 1999) , we report herein on the chemical constituents of the essential oils obtained by hydrodistillation of roots, stems and inflorescences of V. tuberosa and V. italica.
Results and Discussion
The chemical composition of the oils was analysed using various gas chromatography-mass spectrometric GC/MS techniques (EI and CI). Qualitative and quantitative analytical results are listed in Table I along with the retention indices of the identified compounds. The identification of components was based on comparison of their mass spectra with those of Wiley and NBS Libraries (Massada, 1976) and those described by Adams (2001) , as well as on comparison of their retention indices (Van den Dool, 1963) with literature values (Adams, 2001) .
The analysis of the essential oils of V. tuberosa led to the identification of fourty-one constituents. The major constituents of the essential oil of the roots were trans-caryophyllene (72.7%), caryophyllene oxide (10.9%) and camphene (5.8%), of the stems and leaves were phytol (16.2%), eicosanoic acid methyl ester (15.0%), docosanoic acid methyl ester (13.5%) and of the inflorescences were trans, trans-α-farnesene (13.3%), 1,4-dimethoxy benzene (11.3%) and 6,10,14-trimethyl-2-pentadecanone (8.9%). It is interesting to point out that all the essential oils of V. tuberosa were lacking of the characteristic valerane or kessane sesquiterpenes.
The analysis of the essential oils of V. italica afforded seventy-three constituents. The major constituents of the essential oil of the roots were 15-acetoxyvaleranone (14.5%), α-pinene (7.5%) and -gurjunene (6.6%), of the stems and leaves were nonacosane (50.7%), phytol (12.1%) and isovaleric acid (5.00%) and of the inflorescences were tricosane (21.5%), isovaleric acid (15.8%) and pentacosane (14.4%).
The major constituent of the oil obtained from the roots of V. italica could not be directly identified by GC/MS. It was isolated with column chromatography and identified by 1 H-NMR, 13 C-NMR and 2D NMR spectroscopy as 15-acetoxyvaleranone (1). This compound has also been described as a constituent of Indian valerian oil (V. wallichi) (Kulkarni et al., 1964) , which is used in a similar way as V. officinalis (Lewis, 1977) , but its high resolution 1 H-NMR, 13 C-NMR and MS data as well as its retention index have never been reported. Moreover, the stereochemistry of 1 has never been studied spectroscopically, but only with chemical correlation reactions (Kulkarni et al., 1964) . In order to investigate the stereochemistry and the conformation of 1, a detailed study including 2D NOESY and molecular modelling experiments has been performed. In the NOESY experiment, the strong correlation between the methyl protons of position 14 and the methylene protons of position 15 made clear that the carbon skeleton was indeed a cis-fused decalin. The orientation of the isopropyl side chain was unequivocally found to be equatorial since the splitting pattern and the coupling constant of H-6 ax (t, J = 12.3 Hz) revealed the presence of an axial proton at position 7. With these two basic observations, two possible relative stereochemistry structures could be assigned: 1 and 2 (or their enantiomers), which can be depicted as the conformers 1a and 2a (Fig. 1) . The other possible conformers e. g. 1b in which the side chain is axially oriented are excluded due to the already discussed coupling constant of H-6ax. The possibility of non-chair conformers was excluded using molecular mechanics calculations. As expected the lowest energy conformations 1a and 2a were much more stable than any other conformer including non-chair rings. The discrimination between 1a and 2a was based on the NOESY spectrum which showed that H-6 ax was correlated with H-1 ax and H-3 ax and not with H-14 or H-15. This observation was consistent only with 1a confirming the proposed relative stereochemistry (Kulkarni et al., 1964) . As far as it concerns the absolute stereochemistry, in our hands 1 showed the same optical rotation and the same cotton effect as described (Kulkarni et al., 1964) . The strong negative cotton effect (Kulkarni et al., 1964; Narasimha, 1971 ) is indeed consistent only with the absolute stereochemistry as depicted in 1. Consequently 1a depicts the real structure of 15-acetoxyvaleranone.
In conclusion, the presence of significant amounts of valerane sesquiterpenes (ca. 20%), in the essential oil of the roots of V. italica indicates a new useful and abundant source, which can be further exploited and developed.
Experimental

General experimental procedures
GC-MS analysis was obtained from a HewlettPackard 6890Ð5973 system operating on EI mode, equipped with a capillary column HP-5 MS 30 m ¥ 0.25 mm; film thickness: 0.25 µm; temperature program: 60 ∞C (5 min) to 280 ∞C at a rate of 3 ∞C/ min; inj. temp. 200 ∞C. GC-MS analysis was also performed on a Finnigan GCQ Plus ion-trap mass spectrometer with an external ion source in both the EI and chemical ionization (CI) modes at a flow rate of 1.0 ml/min using CH 4 as the CI ionization reagent. NMR spectra were recorded on Bruker spectrometer 
Distillation of the oils and isolation of 15-acetoxyvaleranone
The fresh plant material was separated in roots, stems with leaves and infloresceces (200 g of each part) and submitted for 3 h to hydrodistillation with 3 l H 2 O. V. tuberosa afforded 0.18 ml (0.09%), 0.16 ml (0.08%) and 0.23 ml (0.12%) of essential oil from each part respectively. V. italica afforded 0.42 ml (0.21%), 0.20 ml (0.10%) and 0.24 ml (0.12%) of essential oil from each part respectively. The essential oils were dried over anhydrous sodium sulfate and stored at 4Ð6 ∞C. A portion of the essential oil of V. italica was submitted to column chromatography using flash Si gel 60 Merck (40Ð63 µm) with CH 2 Cl 2 /MeOH: 99:1 as the eluent to afford 1.
15-Acetoxyvaleranone ( 
